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ABSTRACT
Uranium enrichment finds a direct and indispensable function in both peaceful and nonpeaceful nuclear
applications. Today, over 99% of enriched uranium is produced by gas centrifuge technology. With the
international dissemination of the Zippe archetypal design in 1960 followed by the widespread illicit
centrifuge trafficking efforts of the A.Q. Khan network, traditional barriers to enrichment technologies are
no longer as effective as they once were. Consequently, gas centrifuge technology is now regarded as a
high-priority nuclear proliferation threat, and the international nonproliferation community seeks new
avenues to effectively and efficiently respond to this emergent threat.

Effective response first requires an accurate and dependable predictive capability. Modern scientific
efforts have focused on predicting the hydrodynamics within a single centrifuge. Unfortunately, a single
centrifuge alone is not a viable proliferation threat. An arrangement of hundreds or thousands of
centrifuges operating in concert to produce meaningful quantities of enriched uranium, however, is. Such
an arrangement is called a cascade, which represents the indivisible unit of the enrichment proliferation
threat. Cascade theory was deemed a conquered science since before the advent of the gas centrifuge. It is
suspected that the international nonproliferation community requires more robust developments in
cascade theory rather than centrifuge hydrodynamics models.

Consequently, many of the traditional cascade analysis methodologies still heavily rely upon ideal
cascade theory developed during the Manhattan Project and its modest improvements since. This study
proposes a modern theory of cascade dynamics to compliment classical ideal cascade theory. This novel
contribution includes the addition of time-dependent and non-ideal cascade analysis.

The benefits of employing cascade dynamics are demonstrated in this study using the NonProliferation
Analysis of Centrifuge Cascade (NPACC) methodology. NPACC estimations are benchmarked to
traditional ideal cascade analysis methods currently used by the nonproliferation community. It is
discovered that traditional methods are unequipped to accurately estimate the performance of realistic
centrifuge cascades as their physical design and feed rate result in deviations from ideal conditions.
Implementation of cascade dynamics is expected to more accurately predict the performance of centrifuge
cascades and therefore better meet the needs of the international nonproliferation community.
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